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T he 1996 introduction of endovaseular balloon occlu- sion (Fig 1) of the ascending aorta technology 
greatly facilitated tile surgical approach to tile mitral 
valve via a small inframammary incision.1 Tiffs technol- 
og% in combination with pereutaneous coronary sinus 
cardioplegia nd long venous/right atrial eannula for 
drainage, enables the surgeon to place the patient on 
cardiopuhnonary b pass, occlude tlle aorta, and give 
retrograde ardioplegia to stop the heart, and then 
perform a standard mitral valve operation through a 
small anterior fourth interspace incision. 2
With this technique, we have performed more tlmn 
500 mitral valve operations, with morbidity and mortal- 
ity equal to if not better than that of a sternotomy 
approach. The long-term efficacy of mitral valve recon- 
struction with tiffs technique has also been demon- 
strated to be equal to that of reconstruction performed 
via a sternotomy approach. 
The port-access approach for mitral valve surgery 
requires a team approach for intraoperative patient 
care. Tile surgeon must be very familiar with mitral 
valve surgical techniques and in particular endovascu- 
lar catheter technolog% and the anesthesiologist must 
be facile with coronary sinus catheter placement. Trans- 
esophageal echocardiography (TEE) is a mainstay of 
the procedure for both catheter placement and monitor- 
ing and requires excellent eehocardiographie skills, 
either from all echocardiologist or from cardiac anesthe- 
sia personnel trained in this discipline. 3 Success is 
predicated on tiffs critical mass of required skills, with 
patients benefiting from fewer wound complications, 
quicker recovery with less discomfort, fewer infec- 
tions, less blood utilization, and a better cosmetic 
outcome. 
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1 Drawing of emloelamp. (Reprinted with permission, lz)










2 The patient is positioned supine on tile operating table in a standard fashion; shifting the 
chest wall to one side is not necessary. After induction of general anesthesia and placement of a 
single-lumen endotracheal tube, the TEE probe is placed and an initial examination 
performed. Along with tile mitral anatomy, the aorta is carefully evaluated for atheromatous 
disease. In particular, protruding or mobile components in the transverse arch or descending 
aorta would preclude use of the endovascular platform from the femoral arteries and instead 
mandate transthoracic placement of tile endotracbeal return cannula and aortic balloon 
cannula into the ascending aorta. Like~ise, in tlle presence of severe peripheral vascular 
disease, lower femoral artery perfusion is contraindicated, and an "endo-direct" approach is 
necessary. 5 
The patient's right internal ju~llar vein is cannulated ~4th an introducer, and tile coronary 
sinus catheter is guided into the coronary sinus ostia nnder TEE guidance. Once tiffs has been 
completed, a fluoroscopic image intensifier is moved into the room, and placement of the 
coronary sinus catheter is confirmed with a sinogram. Care is taken not to advance the tip of 
the coronary sinus cardiople~c catheter too distally into the coronary sinus. Catheter function 
is ascertained by inflating the balloon to demonstrate v ntricularization f the coronary sinus 
pressure wave form. The amount of air injected into tile coronary sinus lmlloon to achieve such 
an effect is noted to help prevent overinflating this balloon during tile operation. If the 
coronary sinus catheter is not successfnlly placed within 25 to 30 minutes, then placement is
unlikely, and the surgeon has the option of using antegrade cardiople~a to fill tile coronary 
sinus through tile endotracheal balloon catheter or directly placing a coronary sinus catheter 
12 through tile right atrium via tile operative incision. (Reprinted with permission. )
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3 Incisions and eardiopulmonary b pass. Tile patient is prepped and draped, ~ith care taken to 
leave enough latcral exposure in the operative field on the patient's right chest. Typically, one lcg is 
frog-legged. The two incisions are made simuhaneously. First, a small horizontal incision is made a 
few nfillimeters above the groin crease to expose the femoral vessels. The femoral artery and vein are 
identified, and vessel loops are placed around then1 in prcparation for cannnlation. Simuhancously, 
a skin incision is nmde on the left anterior chest, slightly above the inframammary fold in a woman 
and directly over the fourth interspace in a nmn. The skin incision is made large enongh so the 
surgeon can place three fingers in it. The intcrcostal incision is made directly in the fourth 
interspace and extended medially toward, but not into, the sternum (avoiding the mammary artery 
and veins). Latcrally, thc intercostal incision is extended so that a small retractor can bc placed to 
spread the ribs apart without 1)reaking or injuring them. 
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' 4  With tile patient under controlled ventilation, the surgeon can easily visualize tile lateral wall of 
the pericardium and identify the phrenie nerve7 A lengthwise incision is made in the perieardiuni 
approximately 1 em anterior to tile phrenie nerve from the inferior vena cava up to the superior 
vena cava. Stay sutures are placed in the cut edge of the pericardium to enhance exposure. 
Typically, the diaphragan may rise high and obscure part of this view. This problem is addressed by 
placing a retraction suture through tile central portion (tendon) of tile diaphra~n. Tile end of this 
suture is drawn by a crochet hook through a small an~oeatbeter placed two interspaces inferior to 
tile incision. Tension on this inferior suture retracts tile diaphra~n downward and out of the way 
anti provides hill exposure of the pericardium. 
ENDO$~;,SCULAR BALLOON TECIINIQUE IN MITRAL '~,LVE SURGERY 181 
1 t . i  
\ \ ..... / ) !/ 
5 Tile patient is now fully heparinized, and occlusion clamps are placed on the femoral 
artery. A small transiierse incision is made, and the "endo-return" catheter is advanced a 
few centimeters. A guidewire is advanced through the catheter and into the artery; then, 
over tile guidewire, the catheter is advanced further into the artery. The catheter is 
de-aired and connected to the cardiopuhnonary bypass arterial system. The snare is 
occluded onto ihe catheter and mechanically stabilized. 
Tile endoclamp catheter is brought onto the operative field, and the various lumens 
(cenit:iil flow~ root pressure, and balloon) are flushed. The balloon itself is fully de-aired. 
Monitoring lines for balloon pressure and aortic root pressure are passed off the field. A 
central guidewire is placed into the endoclamp and is introduced into the femoral artery 
throtlgh the side arm of the endo-return catheter. TEE is used to monitor the guidewire as it 
is passed retrograde np the descending aorta into the transvense arch. Once the guidewire 
reaches the transverse arch, the TEE probe is rotated anteriorly to view the ascending 
aorta. The balloon-tipped catheter is advanced over the guidewire so its tip is just above the 
sino-tubular ridge. The guidewire is then removed, and the cannula is secured in place. 
Next, the femoral vein is opened, and a long (21 or 22 French) venous cannula with 
obturator is advanced a few centimeters into the femoral vein. A central ~fidewire is passed 
through tile cannula into the inferior vcna cava; its position is monitored with TEE. The 
balloon of the coronary sinus catheter is inflated during this process to nfininfize the risk of 
dislodgement. With the guidcwire positioned in tbe superior vcna cava, the obturator and 
venous cannula are advanced under TEE visualization. Once the tip of tbe venous cannula 
is in the superior vena cava, both the gaidewire and the obturator are withdrawn. The 
venous cannula is then connected to the cardiopuhnonary b pass venous return system. 
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6 Because of the length of tlle venous cannula, a closed vacuunl systenl is used to enable 
blood return to the pump. Tills technique provides excellent venous drainage for tllese 
procedures. Cardiopulnlonary bypass is initiated. 6 Typically, the patient is cooled to 25~ 
Tllrough tile surgical incision, tile efficacy of venous drainage can be confirmed by sllrinking 
size of tlle rigllt atrium. Tile patient's arterial pressures are nlonitored tllrough bilateral radial 
artery pressure lines. A balloon that migrates too far distally during tlle procedure will be 
indicated by a pressure differential between tlle lines. Under TEE guidance, tlle endoclalnp 
balloon is inflated. This is done by tenlporarily lowering tlle flow rate on the arterial pump and 
inflating tile endoelamp balloon. As tile balloon volume is increased, tlle punlp flow rate is 
increased. The balloon initially will tend to migrate proximally past tlle sino-tubular idge; the 
catlleter can be repositioned by gently pulling back on it and fixing it with the twist lock 
system. If the balloon is drawn lmck too far so as to compromise the lumen of tile innominate 
artery, it will disappear off tile TEE screen and right radial pressure b'ill be lower tllan left 
radial pressure. (Reprinted witll permission.12) 










7 Opening of tile left atrium. With tile balloon successfully inflated and positioned, retrograde 
cold blood cardiople~a is administered to provide myocardial protection. An initial dose of 20 
mL/kg is given, ~th  5 ml_Jkg repeated at 20- to 30-minute intervals. While cardioplegia is being 
adnfinistered, an incision is made just posterior to the atrial groove and anterior to the right 
puhuonary veins. A pump sucker is placed to evacuate blood and is left positioned in tile puhnonary 
veins. The incision is extended with tissue scissors to fully open up this entrance to the left atrium. 
Then, atrial blades are selected that have the proper ~-idth and depth to accommodate the ~ven left 
atrium. TILe blade is held in place and sized visually. (Reprinted with permission. 12) 
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8 Exposure of mitral valve. Once the appropriate size blade is chosen, a small stab 
incision is made on tile anterior chest wall, and the blade handle is inserted own into 
the left atrium and attached to the blade. Tile handle is pulled anteriorly to lift the 
intra-atrial septum and provide fnll exposure to the mitral valve. When lifting the 
intra-atrial septum, care must be taken not to retract too hard and kink the long 
venous cannula running through tile right atrium. Superior vena cava pressures are 
monitored to alert the surgeon to this possibility. The handle of tile atrial blade 
retractor is held in an external retractor system, obviating tile need for manual 
retraction. 
Additionally, a robotieally controlled endoscope (AESOP) is introduced through a 
thoracoscope port placed laterally in tile fourth interspace. 4 Tile tip of the scope is 
advanced over the lateral cut edge of the left atrium approximately 6 cm from the 
plane of the valve. Voice control can be used to move this endoscope. This provides 
spectacular closeup ima~ng of all parts of the mitral valve and subvalvular 
apparatus, which can be seen on the video monitor by all members of the operating 
room team. (Reprinted with permission. 12) 
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9 The fldl extent of mitral valve patholo~" can be evaluated at this point with standard surgical 
techniques. Long instruments (either 17 or 22 inches long) are used to operate on the valve. Tile 
instruments have specially desi~led handles to minimize obstruction of tile surgeon's field of view. 




10 Tile surgeon typically wears a headlight camera that is locked in synchrony xdth the 
viewing field of his optical oops. This gives the entire operating room team tile same view as 
that of the surgeon. 
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11 Mitral valve reconstruction or replacement is performed in tile standard fashion using tile 
appropriate surgical techniques. 7 However, it may not be possible to directly position the knot 
hitches in the annulus because of the distance from the chest wall. If so, then these sutures are 
thrown extraeorporally, and tile hitches of the knot are slid down into their final position under 
appropriate tension using a knot pusher. (Reprinted with permission. 12) 
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12 Tile mitral valve reconstruction is tested for competency by f'dling tl/e ventricle with saline solution. Good coaptation of 
all leaflet edges is noted. 
After completing tile repair or replacement, the superior portion of the atrial incision is closed with two layers of running 3-0 
Prolene suture (Ethicon, Ine, Somerville, NJ). A venting catheter is placed through tile atrial closure line and through the 
atrium into the left ventricle. This catheter is connected to one of tile pump suction catheters. The inferior portion of tile 
atriotomy incision line is closed with 3-0 Prolene, and a snare is placed around the venting catheter. With tile heart still 
decompressed, a temporary epicardial pacing wire is placed on tile surface of tile right ventricle. This will first be used for 
electrical fibrillation. With blood volume gradient placed in the heart, the venting catheter is set to gentle suction, and tile 
endoaortic balloon is partially deflated. This is confirmed by a rise in aortic root pressure equal to the rise in systemic pressure. 
TEE is used to monitor the left atriuni and ventricle for the presence of air. With the heart under electrically induced 
fibrillation, more blood volume gradient is placed into the atrium and ventricle and vented through tile catheter. The lungs are 
manually inflated to clear any trapped air from the pulmonary venous bed. The patient is moved back and forth to help 
dislodge any air that may be trapped inside the ventricle. With clearance of gross and nficroscopie air having confirmed by 
TEE, the endovascular balloon is reinflated and the root placed on suction. The electrical fibrillator is stopped, and the heart is 
cardioverted. The heart is allowed to beat against the occluding balloon wlfile the root is on suction. This is done until TEE 
reconfirms removal of all microscopic air. 
When this has been completed, the endovascular balloon is deflated, the main pump flow is temporarily dindnished, and the 
endoclamp is completely removed. The venting catheter is then withdrawn through the suture line, and the atriotomy is 
oversewn. The patient is ventilated, and after the patient is warmed to more than 35~ cardiopulmonary bypass is 
discontinued. The long venous cannula is removed, and the femoral vein is repaired primarily with 5-0 Prolene. Heparinization 
is reversed with protamine, and the endo-return catheter is removed from the fenmral artery. This is repaired with interrupted 
5-0 or 6-0 monofilament suture. 
The soft tissue retractor is removed from the incision; a wire cutter is used to cut the metal band. Visual inspection verifies 
hemostasis. The pericardium is partially approxinmted. A right chest tube is placed to provide drainage of the thoracic cavity. 
Thb ribs of the intercostal incision are approximated with no. 2 paracostal sutures, anti the fascia and muscle layers are closed 
in the standard fashion. 
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POSTOPERATIVE  MANAGEMENT 
Patients are not extubated in the operating room, bnt 
rather are extubated vrithin the first few llours in the 
recovery room after reversal of the neuromuscular 
blockade. Patients are typically discharged on the third 
or fourth postoperative day. Patients with mitral valve 
reconstructions are anticoagulated for the first 3 months 
postoperatively unless contraindicated. Regulation of 
oral antieoa~llation may not be achievable during the 
short postoperative stay, and so this is adjusted on an 
outpatient basis. 
The port access technique for nfitral valve operations 
provides excellent access and is associated with less 
patient discomfort and fewer postoperative r slfiratory 
complications. Postdiseharge, patient activity and re- 
turn to fimetion is superior to that associated with the 
standard sternotomy approach. 8 With the port access 
technique, excellent short-term and midterm results of 
mitral reconstruction have been achieved. 9-11 
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